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The temporal and spatial variations of the zenith wet delay (ZWD) are very large, and 0.9 mm, and 1.2 mm, respectively, compared to that of the currently best GPT2w model 22 (23.8 mm, 13.1 mm, and 2.6 mm). The test results from ZWD data from 318 radiosonde 23 stations show that the root mean square (RMS) error in the HZWD model over the three 24 height intervals was reduced by 2%, 5%, and 33%, respectively, compared to the 25 GPT2w model (30.1 mm, 15.8 mm, and 3.5 mm) over the three height intervals. In 26 addition, the spatial and temporal stabilities of the HZWD model are higher than those 27 of GPT2w and UNB3m. 
Introduction

33
The radio waves experience propagation delays when passing through the neutral 34 atmosphere (primarily the troposphere), which are known as the tropospheric delays. 35 The tropospheric delay is one of the main error source in space geodetic techniques. In 36 the processing of the space geodetic data, the tropospheric delay along the propagation 37 path is generally expressed as the product of zenith tropospheric delay (ZTD) and 38 mapping function (MF). The ZTD is divided into a zenith hydrostatic delay (ZHD) and 39 a zenith wet delay (ZWD) (Davis et al., 1985) , and the ZHD can be accurately 40 determined using pressure observations. Unlike the ZHD, the ZWD is difficult to 41 calculate accurately due to the high spatio-temporal variation in water vapour, thus 42 making itself the main factor influencing tropospheric delay correction. 43 The traditional Saastamoinen model (1972) and Hopfield model (1971) 44 approximate the ZWD with temperature and water vapour pressure observations. 45 Without considering the vertical distribution of water vapour, the stability and reliability 46 of their ZWD estimates are poor. Moreover, both models are highly dependent on 47 meteorological data, which greatly limits their application in wide area augmentation 48 and real-time navigation and positioning. Therefore, non-meteorological parameters-49 based models were proposed as practical conditions required. The RTCA-MOPS (2016), 50 designed by the US Wide Area Augmentation System (Collins et al., 1996) compared to other commonly used models (Möller et al., 2014) . 66 The water vapour changes rapidly with respect to height, and the trends in water 67 vapour at different heights vary, so the wet delay with direct relation to water vapour 68 has complex spatio-temporal variations in the vertical direction. The aforementioned 69 troposphere models are all based on a fixed height (average sea level or surface height) 70 and use only a single decrease factor to describe the variation of water vapour or wet 71 delay with respect to height, which makes it difficult to allow for the vertical 72 distribution differences in water vapour (or wet delay) in the upper troposphere. In the 73 course of aircraft dynamic navigation and positioning, it is necessary to correct the wet 74 delay at different heights, which is obviously difficult for the aforementioned models. 
In equation (2), e is the water vapour pressure in hPa; q is the specific humidity in g/g; 107 P is the pressure in hPa; T is the temperature in kelvin; 2 k and 3 k are empirical 108 constants same as equation (1) ( , , ) exp{ ( 5000)} 5000 10000 0 10000 Therefore, only the annual means are retained for these two coefficients. ( 1) small with few exceptions, resulting in a global average bias close to zero (see Table 2 ).
295
The annual average bias indicates the degree of deviation between the ZWD 296 estimates of the three models and the reference ECMWF data, while the RMS error 297 reflects the reliability and stability of the model, i.e., the model precision. It can be seen with radiosonde data are slightly worse than those using ECMWF data. On the contrary, 379 the bias of the UNB3m model decreases, and the RMS error between 2 km and 5 km, 380 and 5 km and 10 km, are less than those in Table 2 . It may be due to the fact that most 
